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Background: Previous studies have shown inconsistent findings regarding the 
association of alcohol consumption with sarcopenia. Therefore, this study 
comprehensively investigated the association of alcohol consumption with 
sarcopenia in a nationally representative sample of US adults.

Methods: This population-based study included adults aged 18 years and older 
from the National Health and Nutrition Examination Survey (NHANES) III. Alcohol 
exposure was defined as daily alcohol intake, alcohol drinking history, number 
of drinking days per week, and frequency of binge drinking days per month. 
Weighted logistic regressions were used to determine associations.

Results: Four cohorts were selected from the NHANES III: cohort 1 (n = 7,592), 
cohort 2 (n = 12,060), cohort 3 (n = 7,608), and cohort 4 (n = 7,649), 
corresponding to alcohol exposure categories of daily alcohol intake, drinking 
history, number of drinking days per week, and frequency of binge drinking days 
per month. In the full model, the risk of sarcopenia was significantly associated 
with mild (odds ratio [OR]: 1.65; 95% confidence interval [CI]: 1.08–2.51), 
moderate (OR: 2.04; 95% CI: 1.12–3.71), and heavy drinkers (OR: 2.42; 95% CI: 
1.17–4.97) compared to nondrinkers. There was an association between the 
development of sarcopenia and current drinkers (OR: 1.69; 95% CI: 1.12–2.56) 
but not former drinkers (OR: 1.21; 95% CI: 0.88–1.66). Compared to nondrinkers, 
an increased risk of developing sarcopenia was observed in participants who 
consumed alcohol 2 days (OR: 2.36; 95% CI: 1.40–3.99) or > 2 days (OR: 1.84; 
95% CI: 1.10–3.07) per week, and those who engaged in binge drinking for ≤1 day 
per month (OR: 1.68; 95% CI: 1.09–2.60) or > 1 day per month (OR: 2.10; 95% 
CI: 1.10–4.01). Sensitivity analyses based on different definitions of sarcopenia 
yielded similar results. Stratified analyses revealed that these associations were 
present in females but not males.

Conclusion: Alcohol intake was associated with an increased risk of sarcopenia 
in all individuals, with this association being primarily observed in females rather 
than males.
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1 Introduction

Sarcopenia is a skeletal muscle disorder characterized by the 
progressive and generalized depletion of muscle mass and/or function 
(1). It represents a broader syndrome distinct from muscular 
dystrophy, which is a clinically and genetically heterogeneous group 
of inherited diseases. In the 1980s, sarcopenia was initially 
characterized as a decline in lean body mass associated with age, 
affecting mobility, nutritional status, and independence (2). As a 
muscle disease, sarcopenia is rooted in adverse muscle changes that 
accumulate over a lifetime. It is prevalent among older adults but can 
also occur earlier in life (3). A recent meta-analysis revealed a 
prevalence of sarcopenia ranging from 8 to 36% in individuals under 
the age of 60 and from 10 to 27% in those aged 60 and older, with a 
notable sex difference (4). The prevalence of sarcopenia is higher in 
women than in men, not only in the general population but also in 
populations with cardiovascular diseases (5, 6). The risk factors for 
sarcopenia are also sex-specific (6). In addition to age-related primary 
sarcopenia, secondary sarcopenia is highly prevalent in patients with 
conditions such as bedridden status, kidney disease, liver disease, 
inflammatory disease, malignancies, and malnutrition (3). More 
notably, recent research has indicated a significant association between 
sarcopenia and various adverse outcomes such as falls, functional 
decline, frailty, cardiovascular disease, liver fibrosis, cancer, and 
mortality (1, 7–9), which imposes a considerable economic burden on 
the healthcare system (10).

Alcohol use, identified as one of the 10 leading risk factors for the 
global burden of disease, is a well-known contributor to disability and 
mortality in both men and women across all age groups, particularly 
when consumed excessively (11, 12). Despite previous global 
initiatives to reduce harmful alcohol use, global alcohol consumption 
has not decreased over the past three decades, and predictions 
anticipate an increase until at least 2030 (13). Alcohol remains one of 
the most widely consumed psychoactive substances worldwide, with 
2.4 billion current drinkers (14). Alcohol consumption can cause 
various diseases such as liver disease, cancer, cardiovascular disease, 
and malnutrition/sarcopenia (15, 16).

The association between alcohol intake and sarcopenia remains 
a subject of debate. In vitro and in  vivo studies have shown that 
excessive alcohol consumption increases the risk of sarcopenia via 
direct and indirect mechanisms that impact skeletal muscle protein 
metabolism (16). These mechanisms primarily involve alcohol-
induced detrimental impacts, including gut microbiota dysbiosis, 
increased muscle autophagy, and heightened systemic inflammation 
and insulin resistance (16). However, this phenomenon has not been 
fully confirmed in clinical or epidemiological studies. Some studies 

suggested that alcohol intake significantly increased the risk of 
developing sarcopenia or muscle depletion (17–19). However, other 
studies indicated that this association was not statistically significant 
(20–22). Certain studies have even proposed that alcohol 
consumption significantly reduces the risk of sarcopenia (23, 24). A 
2016 meta-analysis of 13 studies with individuals over the age of 65 
found that alcohol intake served as a protective factor against the 
development of sarcopenia in males and the overall population (25). 
Subsequently, an updated meta-analysis of 19 observational studies 
published in 2022 reported that alcohol consumption was not 
significantly associated with the risk of sarcopenia (26). In light of the 
current research, there is a need for further clarification of the 
association between alcohol consumption and sarcopenia (1, 27). 
Therefore, we comprehensively assessed the association between risk 
of sarcopenia and alcohol drinking including alcohol consumption, 
drinking history, drinking frequency, and binge drinking frequency 
in a nationally representative sample of US adults. Additionally, 
women seem to have a greater vulnerability to the detrimental effects 
of ethanol compared to men, possibly due to their lower χ-alcohol 
dehydrogenase activity (28). Previous studies have shown that female 
drinkers are more prone to developing alcoholic liver disease, 
alcohol-related heart disease, and cancer at the same level of alcohol 
exposure as men (29–31). In light of this, the study also aimed to 
explore the impact of sex on the association between alcohol exposure 
and sarcopenia.

2 Methods

2.1 Study population

This population-based study was based on data obtained from the 
National Health and Nutrition Examination Survey (NHANES) 
III. The NHANES III, conducted by the National Center for Health 
Statistics (NCHS) from 1988 to 1994, is a study program using a 
stratified, multistage clustered design with the aims of assessing the 
health and nutritional status of noninstitutionalized civilians in the US 
(32). The study was approved by the institutional review board of the 
NCHS. After providing written informed consent, participants 
underwent personal interviews, physical examination, and laboratory 
tests. This study included participants aged 18 years and older at 
baseline with complete information on sarcopenia and alcohol 
exposure. All data used in the survey are publicly available online 
through the NHANES website.1

2.2 Assessment of alcohol drinking

Standardized questionnaires were used to extract information 
related to alcohol use status and patterns of consumption. 

1 https://wwwn.cdc.gov/nchs/nhanes/nhanes3/default.aspx

Abbreviations: NHANES, National Health and Nutrition Examination Survey; OR, 

odds ratio; CI, confidence interval; NCHS, National Center for Health Statistics; 

BIA, body bioimpedance analysis; SMM, skeletal muscle mass; SMI, skeletal muscle 

index; EWGSOP, European Working Group on Sarcopenia in Older People; MET, 

metabolic equivalent; CRP, c-reactive protein; DAGs, directed acyclic graphs; BMI, 

body mass index; IGF-1, insulin-like growth factor-1; GH, growth hormone.
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Participants who responded “no” to having consumed at least 12 
alcoholic drinks throughout their entire lifetime and in the past 
12 months were categorized as “nondrinkers.” Those who 
responded “yes” to having consumed at least 12 alcoholic drinks in 
their entire lifetime but not in the past 12 months were categorized 
as “former drinkers.” Respondents who answered “yes” to having 
consumed at least 12 alcoholic drinks in the past year or in their 
entire lifetime and had consumed alcohol on at least 1 day in the 
past year were categorized as current drinkers (33–35). Participants 
provided information on the average number of drinking days and 
average number of drinks per drinking day over the past 
12 months. The calculation of the average number of drinks per 
day was derived from these reported values (36). Alcohol drinking 
levels were categorized based on daily intake as mild (≤ 1 drink), 
moderate (1–2 drinks for women or 1–3 drinks for men), or heavy 
(> 2 drinks for women or > 3 drinks for men) (37). Alcohol 
drinking days per week were calculated based on the average 
number of drinking days in the past 12 months and further 
characterized as low (≤ 1 day), moderate (1–2 days), or high (> 
2 days) frequency. Binge drinking days per month were calculated 
based on the question: “How many days did you have five or more 
drinks per day in the past 12 months?” and further classified as low 
(≤ 1 day) or high (> 1 day) frequency (38, 39).

2.3 Assessment of sarcopenia

In the NHANES III database, whole body bioimpedance analysis 
(BIA) was measured as the resistance at 50 kHz between the right 
wrist and ankle of a supine participant using the Valhalla 1990B 
Bio-Resistance Body Composition Analyzer (Valhalla Medical, San 
Diego, CA, United States). Skeletal muscle mass (SMM) was assessed 
using the formula developed by Janssen et al. (40), which has been 
validated through comparisons with skeletal muscle mass measured 
by magnetic resonance imaging (40). The formula is expressed as 
follows: SMM(kg) = height2 / BIA - resistance x 0.401 + (sex × 3.825) 
+ (age × –0.071) + 5.102. In this formula, height is measured in 
centimeters, BIA resistance is documented in ohms, sex is coded as 1 
for men and 0 for women, and age is recorded in years. This formula 
has been widely utilized for the assessment of sarcopenia in the 
NHANES III study (41, 42). The skeletal muscle index (SMI) was 
calculated as the absolute SMM (kg) divided by height (m2). 
Participants were defined as having sarcopenia if their SMI was more 
than two standard deviations below the sex-specific mean for young 
adults (18–39 years) in NHANES III, in accordance with the cutoff 
recommendations of the European Working Group on Sarcopenia in 
Older People (EWGSOP) 2 (3). The calculated SMI cutoff values for 
sarcopenia were <8.42 kg/m2 for males and <6.06 kg/m2 for females, 
which closely resembled the BIA-SMI cutoff values recommended by 
the EWGSOP guideline (<8.87 kg/m2 for males and <6.42 kg/m2 for 
females) (43). Most guidelines on sarcopenia recommend that the 
definition of sarcopenia consider both low SMI and low muscle 
strength or low physical performance (44, 45). NHANES III lacks data 
on muscle strength, but certain participants underwent a timed 8-foot 
walk test to assess physical performance. Low physical performance 
was defined as a gait speed <1.0 m/s (44, 45). As a sensitivity analysis, 
sarcopenia was alternatively defined as low SMI and low physical 
performance (44, 45).

2.4 Assessment of covariates

Household income was assessed using the ratio of family income 
to poverty, which is calculated by dividing the total family income in 
the previous year by the poverty threshold specific to the survey year. 
Participants who reported smoking fewer than 100 cigarettes over 
their lifetime were labeled as nonsmokers, whereas those who had 
smoked ≥100 cigarettes were labeled as smokers (46). Dietary 
interviews, involving a 24-h recall of intake, were conducted by 
trained interviewers to collect details on specific foods and quantities. 
Daily energy and protein intake were calculated based on the 
U.S. Department of Agriculture Survey Nutrient Database guidelines. 
Participants with daily energy intake (≥30 kcal/kg) and protein intake 
(≥1.0 g/kg) were considered to meet the requirements based on the 
nutritional guidelines for sarcopenia (47). Physical activity 
questionnaires were administered to all participants to collect 
information about the frequency of leisure activities (e.g., walking, 
dancing, and swimming) in the previous month. Using the 
Compendium of Physical Activities (48), the intensity of each activity 
was measured by metabolic equivalent (MET), with one MET defined 
as the energy expenditure at the resting metabolic rate. The intensity 
of the activity was further categorized as low (≤3), moderate (3–6), or 
vigorous (>6) based on their MET value (41, 42). Inactive participants 
were defined as those who engaged in no physical activity during their 
leisure time. Active participants were categorized as individuals who 
exercised at a moderate intensity with a frequency of ≥5 times per 
week, engaged in high-intensity exercise with a frequency of ≥3 times 
per week, or accumulated a total frequency of ≥5 times per week 
through a combination of moderate and high-intensity activities. 
Participants not meeting these criteria were classified as moderate 
(49). Serum 25(OH)D levels below 50 nmol/L were defined as vitamin 
D deficiency (50), and serum C-reactive protein (CRP) levels 
exceeding 0.3 mg/dL were considered indicative of high systemic 
inflammation (51). Hypertension was defined as blood 
pressure ≥ 140/90 mmHg, self-reported medical history, or current 
use of antihypertensive drugs (36). Diabetes mellitus was defined as 
meeting any of the following criteria: self-reported medical history of 
diabetes, self-reported use of insulin or oral hypoglycemic agents, 
fasting plasma glucose ≥126 mg/dL, 2-h plasma glucose ≥200 mg/dL, 
or hemoglobin A1C ≥ 6.5% (36). Hyperlipidemia was defined as self-
reported use of lipid-lowering drugs, total cholesterol levels ≥200 mg/
dL, or triglyceride levels ≥150 mg/dL (52). Chronic kidney disease 
was identified as estimated glomerular filtration rate < 60 mL/
min/1.73 m2 (53). The diagnosis of cancer was defined by inquiring, 
“Has a doctor ever told you that you had any cancer?” Chronic lung 
disease was diagnosed by inquiring, “Has a doctor ever told you that 
you  had asthma, chronic bronchitis, or emphysema?” Cardio-
cerebrovascular disease was diagnosed by inquiring, “Has a doctor 
ever told you that you had a heart attack, congestive heart failure, 
or stroke?”

2.5 Statistical analyses

All statistical analyses followed the Centers for Disease Control 
and Prevention guidelines, with sampling weights, strata, and clusters 
considered due to the complex multistage stratified probability survey 
design used in the NHANES III (54). Continuous variables were 
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presented as the median, while categorical variables were expressed as 
percentages. The generalized linear regressions, and χ2 tests were used 
to compare the differences between the sarcopenia and nonsarcopenia 
groups for continuous and categorical variables, respectively. Directed 
acyclic graphs (DAGs) were created to identify confounders of the 
association between alcohol consumption and sarcopenia, taking into 
consideration expert knowledge and current evidence from the 
literature (55). As shown in Supplementary Figure S1, we considered 
the following variables as adjusting covariates: age, sex, ethnicity, 
education level, and marital status.

To investigate the dose–response relationship between the 
number of drinks per day and risk of developing sarcopenia, restricted 
cubic spline regression was conducted with three knots in all 
participants and stratified by sex, adjusting for all covariates identified 
by the DAG. The independent association between daily alcohol 
consumption and sarcopenia was assessed by weighted logistic 
regression. Three models were constructed: Model 1, unadjusted; 
Model 2, adjusted for age and sex; and Model 3, the full model, 
adjusted for age, sex, ethnicity, education level, and marital status. 
We also conducted subgroup analyses according to age (grouped by 
median, ≤ 40/> 40), ethnicity (Non-Hispanic White, Non-Hispanic 
Black, Mexican-American, Others), education level (high school and 
higher/less than high school), married (yes/no), smoking (yes/no), 
physical activity level (inactive, moderate, active), number of 
comorbidities (≤ 1/> 1), household income level (< 1.3/≥ 1.3), body 
mass index (BMI) (< 25/≥ 25), energy or protein intake meet 
requirements (yes/no), vitamin D deficiency (yes/no), and CRP level 
(≤ 0.3/> 0.3). Subgroup interaction analyses were performed to assess 
the difference between groups.

The associations between alcohol intake and sarcopenia were 
further evaluated by daily alcohol consumption level (nondrinkers, 
mild, moderate, and heavy), alcohol drinking history (nondrinkers, 
former drinkers, and current drinkers), alcohol drinking days per 

week (continuous/categorical), and binge drinking days per month 
(continuous/categorical). Linear trend tests were performed with the 
categorical variables of interest defined on a continuous scale. A 
sensitivity analysis was conducted using an alternative definition of 
sarcopenia, which considered both SMI and gait speed. Another 
sensitivity analysis was performed based on the full model, with 
additional adjustments for daily protein intake, physical activity level, 
daily polyunsaturated fatty acid intake, daily zinc intake, vitamin D 
level, and CRP. Furthermore, all analyses were stratified by sex to 
evaluate potential differences between men and women in these 
associations. All statistical analyses were conducted using R (version 
4.1.2; R Foundation for Statistical Computing, Vienna, Austria). 
Two-tailed p < 0.05 was considered statistically significant.

3 Results

Alcohol exposure was assessed as daily alcohol intake, alcohol 
drinking history, number of drinking days per week, and binge 
drinking days per month, corresponding to four different cohorts: 
cohort 1 (n = 7,592), cohort 2 (n = 12,060), cohort 3 (n = 7,608), and 
cohort 4 (n = 7,649), respectively (Figure 1). The baseline characteristics 
of the study population (cohort 1) are shown in Table 1. Overall, the 
median age was 38 (28–52) years, and more than half of the participants 
were male (53.5%). The participants were mostly Non-Hispanic White, 
married, smokers, and had at least a high school education. The 
distribution of participants across inactive, moderate, and active levels 
was 12.1, 44.4, and 43.5%, respectively. The percentages of nondrinkers, 
mild drinkers, moderate drinkers, and heavy drinkers were 19.2, 57.8, 
16.7, and 6.3%, respectively. Approximately 48.1% of participants had 
two or more comorbidities. The median number of days of alcohol 
consumption per year was 52, with a median alcohol consumption of 
two drinks on drinking days. The median BMI was 25 kg/m2, and the 

FIGURE 1

Flow chart of participants included in the study. BIA, bioimpedance analysis.
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TABLE 1 Baseline characteristics of the study population (cohort 1) according to sarcopenia status.

Variable Total (n = 7,592) Nonsarcopeinia (n = 7,146) Sarcopenia (n = 446) p value

Estimate U.S population (N) 89,905,302 86,136,237 3,769,065

Age, median (IQR), y 38 (28,52) 37 (28,50) 64.00 (50,75) < 0.001

Sex, n (%) < 0.001

Female 3,603 (46.5) 3,349 (45.7) 254 (64.9)

Male 3,989 (53.5) 3,797 (54.3) 192 (35.1)

Ethnicity, n (%) 0.070

Mexican-American 2047 (4.8) 1977 (4.9) 70 (2.2)

Non-Hispanic Black 2030 (9.9) 1935 (9.9) 95 (9.0)

Non-Hispanic White 3,202 (77.3) 2,937 (77.1) 265 (83.3)

Others 313 (8.0) 297 (8.1) 16 (5.5)

Married, n (%) 0.110

No 3,112 (37.3) 2,888 (37.1) 224 (42.7)

Yes 4,480 (62.7) 4,258 (62.9) 222 (57.3)

Education level, n (%) < 0.001

High school or higher 6,036 (90.6) 5,748 (91.1) 288 (79.4)

Less than high school 1,556 (9.4) 1,398 (8.9) 158 (20.6)

Smoking, n (%) 0.140

No 3,912 (47.2) 3,696 (47.4) 216 (43.3)

Yes 3,680 (52.8) 3,450 (52.6) 230 (56.7)

BMI, median (IQR), kg/m2 25.0 (22.2,28.5) 25.1 (22.4,28.6) 21.5 (19.2,23.7) < 0.001

Poverty income ratio, median (IQR) 3.0 (1.8,4.4) 3.0 (1.8,4.4) 2.9 (1.6,4.5) 0.500

Energy intake, median (IQR), kcal/d 2088 (1,536,2,858) 2,113 (1,558,288) 1,591 (1,200,211) < 0.001

Protein intake, median (IQR), g/d 75.2 (54.0,103.7) 76.2 (54.4,104.8) 61.6 (43.9, 82.0) < 0.001

Vitamin D levels, median (IQR), nmol/L 62.8 (46.8,80.3) 62.8 (47.0,80.5) 59.2 (42.4,77.4) 0.020

Total polyunsaturated fatty acids intake (g/d) 15.2 (9.2,24.3) 15.4 (9.4,24.6) 10.7 (6.8,17.5) < 0.001

Zinc intake (mg/d) 10.5 (7.0,14.9) 10.6 (7.0,15.1) 8.4 (5.7,11.6) < 0.001

CRP, median (IQR), mg/dL 0.2 (0.2,0.2) 0.2 (0.2,0.2) 0.2 (0.2,0.4) 0.060

Physical activity level, n (%) < 0.001

Inactive 1,392 (12.1) 1,251 (11.6) 141 (23.5)

Moderate 3,196 (44.4) 3,033 (44.5) 163 (41.6)

Active 3,004 (43.5) 2,862 (43.9) 142 (34.9)

(Continued)
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median SMI was 9.3 kg/m2. Participants with sarcopenia were more 
likely to be older, female, have a lower education level, lower BMI, 
lower levels of energy or protein intake, lower levels of vitamin D, 
lower levels of physical activity, higher number of comorbidities, and 
more days of alcohol consumption per year compared to those without 
sarcopenia. The baseline characteristics of the other cohorts are 
presented in Supplementary Tables S1–S3.

3.1 Cohort 1: daily alcohol consumption 
and sarcopenia

Analysis of the continuous relationship between the number of 
drinks per day and the risk of developing sarcopenia was conducted 
using a restricted cubic spline regression model (Figure  2). 
We  discovered a significant nonlinear dose–response relationship 
between the number of drinks per day and sarcopenia in all 
participants after adjusting for all confounding variables 
(poverall < 0.001, pnon-linear = 0.01) (Figure 2A). A similar dose–response 
relationship was observed in females (poverall < 0.001, pnon-linear < 0.01) 
(Figure  2B), but in males, the nonlinear relationship was not 
significant (poverall = 0.60, pnon-linear = 0.81) (Figure 2C).

In all of the participants, drinking an additional drink of alcohol 
per day was associated with a 13% increase in the risk of developing 
sarcopenia in the age- and sex-adjusted model (OR: 1.13; 95% CI: 
1.04–1.23) and the full model (OR: 1.13; 95% CI: 1.04–1.23) (Table 2). 
This association was accompanied by a higher risk of sarcopenia in 
females (full model: OR: 1.28; 95% CI: 1.10–1.48) but not in males 
(full model: OR: 1.05; 95% CI: 0.96–1.15) (Tables 3, 4). Additionally, 
the associations between the number of drinks per day and sarcopenia 
were consistent among other subgroups (Supplementary Table S4).

When classified by daily drinking level, the risk of sarcopenia was 
significantly associated with mild (OR: 1.65; 95% CI: 1.08–2.51), 
moderate (OR: 2.04; 95% CI: 1.12–3.71), and heavy drinker (OR: 2.42; 
95% CI: 1.17–4.97) compared to nondrinkers, after adjusting for all 
variables. Moreover, these associations exhibited a linear trend 
(ptrend = 0.006) (Table 2). For females, similar associations were observed 
in mild (OR: 2.11; 95% CI: 1.30–3.42) and moderate drinkers (OR: 3.42; 
95% CI: 1.61–7.27), but in heavy drinkers, it did not reach statistical 
significance (OR: 2.55; 95% CI: 0.70–9.28) (Table 3). For males, these 
associations and linear trends were not statistically significant (Table 4).

The sensitivity analysis, defining sarcopenia by low SMI and low gait 
speed, revealed that the association between quantitative daily alcohol 
consumption and sarcopenia did not achieve statistical significance in 
the overall participants, males, or females. The association between daily 
drinking level and sarcopenia in all participants was consistent with the 
main analysis, but it did not reach statistical significance in heavy 
drinkers (Supplementary Table S5). These associations were similar to 
the main analysis in males and females (Supplementary Tables S6, S7). 
In another sensitivity analysis adjusting for additional variables, the 
results were consistent with the main analysis (Supplementary Table S8).

3.2 Cohort 2: drinking history and 
sarcopenia

In both the age- and sex-adjusted model and the full model, the 
risk of developing sarcopenia was significantly higher in current T
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drinkers (OR: 1.61; 95% CI: 1.07–2.42; 1.69; 95% CI: 1.12–2.56) 
compared to nondrinkers, whereas no significant difference was 
observed for former drinkers (OR: 1.18; 95% CI: 0.85–1.62; 1.21; 95% 
CI: 0.88–1.66) (Table  2). Similar results were found in female 
participants, while in males, these associations were not statistically 
significant (Tables 3, 4).

The sensitivity analysis based on the different definitions of 
sarcopenia showed that both former (full model: OR: 1.71; 95% CI: 
1.16–2.53) and current drinkers (full model: OR: 2.01; 95% CI: 1.29–
3.15) had a significantly increased risk of sarcopenia compared to 
nondrinkers in all participants (Supplementary Table S5). These 
associations in females were similar to all participants 
(Supplementary Table S6). In male participants, only former drinkers 
had an increased risk of sarcopenia (Supplementary Table S7). The 
linear trend test was significant in all and female participants, 
regardless of which definition was adopted 
(Supplementary Tables S5, S6). The results from another sensitivity 
analysis, which adjusted for additional variables, were consistent with 
the main analysis (Supplementary Table S8).

3.3 Cohort 3: drinking days per week and 
sarcopenia

When considered a quantitative variable, each additional day of 
alcohol consumption per week was associated with an approximately 
8% increased risk of sarcopenia, regardless of whether it was in the 
unadjusted model (OR: 1.09; 95% CI: 1.02–1.17), age- and 
sex-adjusted model (OR: 1.07; 95% CI: 1.00–1.14), or full model (OR: 
1.08; 95% CI: 1.01–1.15) (Table 2). The increased risk of sarcopenia 
was also observed in females with each additional day of alcohol 
consumption, but not in males after adjusting for the full variables 
(Tables 3, 4).

When the number of drinking days per week was categorized, 
compared to nondrinkers, the risk of developing sarcopenia did not 
significantly increase for those who drank 1 day a week (full model: 
OR: 1.46; 95% CI: 0.89–2.39), whereas the risk was significantly 
increased for drinkers who consumed alcohol 2 days (full model: OR: 
2.36; 95% CI: 1.40–3.99) or more (full model: OR: 1.84; 95% CI: 1.10–
3.07) per week in all participants (Table 2). Similar results were found 
in females but not males (Tables 3, 4).

In the sensitivity analysis using the alternative definition of 
sarcopenia, consistent results were observed regarding the 
association between each additional day of alcohol consumption 
and the risk of sarcopenia; the risk of sarcopenia was significantly 
higher among all participants who consumed alcohol 1, 2, 
or > 2 days per week compared to nondrinkers 
(Supplementary Table S5). In female participants, the association 
between the risk of sarcopenia and drinking alcohol 2 days per week 
did not reach statistical significance (Supplementary Table S6). In 
male participants, the frequency of weekly alcohol consumption was 
not significantly associated with the risk of sarcopenia 
(Supplementary Table S7). In another sensitivity analysis adjusting 
for additional variables, the results were consistent with the main 
analysis (Supplementary Table S8).

3.4 Cohort 4: binge drinking days per 
month and sarcopenia

The risk of developing sarcopenia was not significantly 
associated with each additional day of binge drinking per month 
in all participants, females, or males. In the full model, compared 
to nondrinkers, participants who engaged in binge drinking for 
≤1 day per month (OR: 1.68; 95% CI: 1.09–2.60) or > 1 day per 
month (OR: 2.10; 95% CI: 1.10–4.01) had a significantly higher 
risk of developing sarcopenia (Table 2). For females, the risk of 
sarcopenia was also increased in participants with binge drinking 
frequency of ≤1 day per month (full model: OR: 2.25; 95% CI: 
1.39–3.63), but lost statistical significance in those with a 
frequency of >1 day (full model: OR: 2.69; 95% CI: 0.75–9.65) 
(Table 3). For males, there was no significant association between 
binge drinking frequency per month and the occurrence of 
sarcopenia (Table 4).

The two sensitivity analyses yielded consistent results regarding 
the association between the frequency of binge drinking per month 
and the risk of sarcopenia, both in quantitative analysis and stratified 
analyses, among all participants as well as male or female participants 
(Supplementary Tables S5–S8).

FIGURE 2

RCS curve of the association between alcohol consumption and 
sarcopenia. The association was adjusted for age, sex, ethnicity, 
education level, and marital status. (A) RCS curve for all participants; 
(B) RCS curve for female participants; (C) RCS curve for male 
participants. RCS, restricted cubic spline; OR, odds ratio.
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4 Discussion

In this study, we found that one additional drink per day was 
independently associated with the occurrence of sarcopenia. 
Hierarchically, mild, moderate, and heavy daily drinking were 
associated with an increased risk of sarcopenia compared to 
nondrinkers. In terms of alcohol history, current drinkers were 
associated with a higher risk of sarcopenia. Former drinkers did not 
appear to be associated with the occurrence of sarcopenia; however, 
this finding was not supported by sensitivity analysis using alternative 
definitions of sarcopenia. The number of drinking days per week was 
associated with the risk of sarcopenia, with the risk being higher 
among participants who consumed alcohol on 1, 2, or more days per 
week compared to nondrinkers. Participants who engaged in binge 
drinking for ≤1 day per month or > 1 day per month had a 
significantly higher risk of developing sarcopenia compared to 
nondrinkers. Additionally, these associations exhibited sex differences, 
with female participants showing results largely consistent with the 
overall population, whereas male participants showed no significant 
differences. Sensitivity analyses confirmed the association between 

alcohol consumption and sarcopenia, as well as the sex differences in 
this association.

This study found that the overall prevalence of sarcopenia was 
approximately 6.0%, with a higher prevalence in females compared to 
males (8.0% vs. 4.3%). Studies on sarcopenia involving subjects under 
60 years of age are rare. Our study reported a lower prevalence of 
sarcopenia compared to other studies on the general elderly 
population, which is likely due to the inclusion of relatively younger 
participants, considering the age-dependent nature of sarcopenia (5, 
6). A projection model based on data from the populations of 28 
European Union countries suggested that the number of sarcopenic 
patients would increase dramatically by 63.8% over the next 30 years, 
making sarcopenia a continuing major public health issue (56). The 
potential association between chronic excessive alcohol consumption 
and risk of sarcopenia is multifactorial. Evidence from cellular and 
animal studies suggests that excessive alcohol intake exacerbates the 
risk of sarcopenia through direct and indirect mechanisms related to 
impaired skeletal muscle protein metabolism, (16). Chronic excessive 
alcohol intake may lead to gut microbiota dysbiosis, autophagy-
induced hyperammonemia, increased intestinal permeability, and 

TABLE 2 Association between alcohol consumption and sarcopenia in all participants.

Group No. of 
participants

No. of 
events

OR (95% CI) P for trend

Unadjusted Age- and sex-
adjusted 
model

Full model*

No. of drinks, per 

day 7,592 446 1.01 (0.91,1.13) 1.13 (1.04,1.23) 1.13 (1.04,1.23)

Alcohol drinking levels, per day 0.006

Nondrinkers 2,144 182 1 1 1

Mild 3,811 185 0.57 (0.43,0.77) 1.51 (1.02,2.24) 1.65 (1.08,2.51)

Moderate 1,189 55 0.58 (0.38,0.87) 1.87 (1.04,3.34) 2.04 (1.12,3.71)

Heavy 448 24 0.67 (0.35,1.28) 2.30 (1.12,4.73) 2.42 (1.17,4.97)

Drinking history 0.009

Nondrinkers 2,144 182 1 1 1

Former drinker 4,285 331 0.94 (0.71,1.23) 1.18 (0.85,1.62) 1.21 (0.88,1.66)

Current drinker 5,631 271 0.57 (0.43,0.77) 1.61 (1.07,2.42) 1.69 (1.12,2.56)

No. of drinking days, 

per week 7,608 447 1.09 (1.02,1.17) 1.07 (1.00,1.14) 1.08 (1.01,1.15)

Alcohol drinking frequency, per week 0.010

Nondrinkers 2,144 182 1 1 1

1 day 2,842 106 0.42 (0.30,0.61) 1.35 (0.86,2.12) 1.46 (0.89,2.39)

2 days 1,016 44 0.67 (0.43,1.05) 2.17 (1.31,3.61) 2.36 (1.40,3.99)

>2 days 1,606 115 0.80 (0.56,1.14) 1.66 (1.01,2.74) 1.84 (1.10,3.07)

No. of binge drinking 

days, per month 7,469 443 0.97 (0.92,1.01) 1.01 (0.99,1.04) 1.01 (0.99,1.04)

Binge drinking frequency, per month 0.012

Nondrinkers 2,144 182 1 1 1

≤ 1 day 3,866 218 0.64 (0.48,0.86) 1.55 (1.03,2.34) 1.68 (1.09,2.60)

> 1 day 1,639 43 0.37 (0.21,0.64) 2.02 (1.06,3.86) 2.10 (1.10,4.01)

*Weighted logistic regression adjusted for age, sex, ethnicity, education level, and marital status, with these variables determined by the directed acyclic graphs (DAGs). OR, odds ratio; CI, 
Confidence Interval.
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elevated circulating endotoxins (16). The latter two may progressively 
contribute to subsequent systemic inflammation and insulin 
resistance. These changes lead to the activation of myostatin, AMPK 
and REDD1, along with the deactivation of insulin-like growth 
factor-1 (IGF-1), which in turn trigger the upregulation of muscle 
protein breakdown and the downregulation of muscle protein 
synthesis (16). Interestingly, previous studies have reported the 
beneficial effects of alcohol withdrawal on improving gut microbiota 
dysbiosis, gut permeability, and microbial translocation (57, 58). This 
suggests that alcohol abstinence may be  beneficial in mitigating 
sarcopenia. In our main analysis, former drinkers appeared to 
be unrelated to the occurrence of sarcopenia; however, this finding 
was not supported by the sensitivity analysis using alternative 
definitions of sarcopenia. The value of alcohol abstinence in sarcopenia 
warrants further investigation in future studies.

There is currently significant controversy regarding the 
association between alcohol consumption and sarcopenia. A 
Filipino study involving 164 outpatient patients aged 40 and older 
found that alcoholic beverage drinking was significantly 
associated with developing sarcopenia compared to nondrinkers 
(18). A study involving 542 community-dwelling Singaporeans 

showed that alcoholism was significantly associated with 
sarcopenia (19). Another study with 2,176 US participants 
younger than 65 years found that alcohol drinking had a 
significant adverse effect on sarcopenia compared to the healthy 
behavior group (56). However, other studies have found no 
significant association between alcohol consumption and 
sarcopenia (20–22). In addition, two meta-analyses assessing the 
association between alcohol consumption and sarcopenia yielded 
different conclusions. One meta-analysis suggested that alcohol 
consumption may decrease the risk of sarcopenia (25), whereas 
the other more recent meta-analysis concluded that alcohol 
consumption is not associated with an increased risk of developing 
sarcopenia (26). Previous studies have generally included smaller 
sample sizes, and their assessments were primarily focused on 
older populations or in Asian regions. More importantly, none of 
these studies had the primary objective of investigating the 
association between alcohol intake and sarcopenia, which resulted 
in a lack of objectivity and comprehensiveness in defining alcohol 
exposure. Our study included a larger sample size and 
comprehensively assessed the association of drinking behavior, 
including drinking level, drinking history, weekly frequency of 

TABLE 3 Association between alcohol consumption and sarcopenia in females.

Group No. of 
participants

No. of 
events

OR (95% CI) P for trend

Unadjusted Age-adjusted 
model

Full model*

No. of drinks, per 

day 3,603 254 1.17 (1.00,1.37) 1.27 (1.10,1.48) 1.28 (1.10,1.48)

Alcohol drinking levels, per day <0.001

Nondrinkers 1,643 141 1 1 1

Mild 1,640 90 0.68 (0.49,0.94) 1.86 (1.18,2.92) 2.11 (1.30,3.42)

Moderate 224 18 1.23 (0.70,2.17) 2.97 (1.41,6.28) 3.42 (1.61,7.27)

Heavy 96 5 0.81 (0.29,2.28) 2.39 (0.66,8.60) 2.55 (0.70,9.28)

Drinking history 0.001

Nondrinkers 1,643 141 1 1 1

Former drinker 2,477 175 0.94 (0.69,1.26) 1.21 (0.83,1.76) 1.24 (0.85,1.81)

Current drinker 2002 115 0.75 (0.54,1.03) 2.07 (1.31,3.28) 2.17 (1.36,3.44)

No. of drinking days, 

per week 3,607 254 1.19 (1.09,1.31) 1.13 (1.03,1.23) 1.14 (1.04,1.24)

Alcohol drinking frequency, per week 0.002

Nondrinkers 1,643 141 1 1 1

1 day 1,218 43 0.48 (0.29,0.79) 1.65 (0.90,3.02) 1.85 (0.99,3.47)

2 days 348 24 0.99 (0.53,1.82) 2.85 (1.26,6.44) 3.25 (1.38,7.67)

>2 days 398 46 1.35 (0.86,2.13) 2.11 (1.18,3.79) 2.44 (1.35,4.41)

No. of binge drinking 

days, per month 3,617 255 0.98 (0.87,1.10) 1.02 (0.95,1.10) 1.02 (0.95,1.09)

Binge drinking frequency, per month 0.003

Nondrinkers 1,463 141 1 1 1

≤ 1 day 1,677 107 0.79 (0.57,1.08) 1.99 (1.27,3.12) 2.25 (1.39,3.63)

> 1 day 297 7 0.49 (0.17,1.41) 2.37 (0.67,8.39) 2.69 (0.75,9.65)

*Weighted logistic regression adjusted for age, ethnicity, education level, and marital status, with these variables determined by the directed acyclic graphs (DAGs). OR, odds ratio; CI, 
Confidence Interval.
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drinking, and monthly frequency of binge drinking, with 
sarcopenia in a nationally representative US cohort involving a 
multiracial and multiage population.

Our study found that alcohol consumption significantly 
increased the risk of sarcopenia, and further stratified analysis 
suggested that this association was primarily seen in female 
participants. These results were consistent with the findings of Han 
et al. (59), who found that daily alcohol consumption significantly 
increased the risk of sarcopenia in females but not males. Two 
other studies also showed a significant association between alcohol 
intake and sarcopenia in the female population (60, 61). 
Additionally, the overall findings of this investigation align with 
the existing literature, which suggests that women are more 
susceptible to adverse health effects related to alcohol consumption 
than men. Women drinkers are more prone to developing 
alcoholic liver disease, liver cirrhosis, and alcoholic hepatitis even 
when consuming less alcohol and for shorter periods of alcohol 
use compared to men (29). Similarly, women are more susceptible 
to alcohol-related heart disease or cardiomyopathy and stroke 
than men at the same or lower drinking volumes (30). Women 
who engage in moderate drinking show increased risk of cancer, 

whereas men must drink more to show the same increased risk 
(31). For the same alcohol intake, women develop higher blood 
alcohol levels compared to men. This is attributed to their lower 
χ-alcohol dehydrogenase activity in the stomach, which reduces 
first-pass metabolism and increases ethanol bioavailability (28). 
Women have lower body water content per kilogram of body 
weight, resulting in a smaller volume of ethanol distribution. 
Additionally, women have a slower rate of gastric emptying of 
alcohol (28). These factors contribute to higher blood alcohol 
levels and greater vulnerability of women to the pharmacologic 
effects of ethanol on skeletal muscle protein metabolism. Growth 
hormone (GH)/IGF-1 promotes muscle protein synthesis 
primarily through the PI3K/Akt/mTOR pathway. Additionally, 
PI3K/Akt inhibits FoxOs, thereby suppressing the transcription of 
E3 ubiquitin ligases that regulate protein degradation through the 
ubiquitin-proteasome system (62). Previous studies have 
confirmed the inhibitory effects of ethanol on the GH/IGF-1 axis 
(63). A weaker alcohol metabolism in women leads to a more 
pronounced impact of alcohol-related toxicity on the GH/IGF-1 
axis compared to men. This was supported by a study that found 
a more significant decrease in IGF-1 levels after alcohol 

TABLE 4 Association between alcohol consumption and sarcopenia in males.

Group No. of 
participants

No. of 
events

OR (95% CI) P for trend

Unadjusted Age-adjusted 
model

Full model*

No. of drinks, per 

day 3,989 192 1.05 (0.95,1.15) 1.06 (0.97,1.17) 1.05 (0.96,1.15)

Alcohol drinking levels, per day 0.542

Nondrinkers 501 41 1 1 1

Mild 2,171 95 0.64 (0.36,1.15) 0.88 (0.46,1.66) 0.96 (0.50,1.85)

Moderate 965 37 0.56 (0.28,1.11) 0.86 (0.39,1.88) 0.89 (0.40,1.96)

Heavy 352 19 0.96 (0.39,2.39) 1.41 (0.55,3.63) 1.45 (0.56,3.79)

Drinking history 0.969

Nondrinkers 501 41 1 1 1

Former drinker 1808 156 1.20 (0.72,1.99) 0.97 (0.58,1.62) 1.01 (0.61,1.70)

Current drinker 3,629 156 0.64 (0.36,1.13) 0.96 (0.51,1.80) 1.02 (0.53,1.94)

No. of drinking days, 

per week 4,001 193 1.08 (1.00,1.17) 1.06 (1.04,1.08) 1.01 (0.94,1.08)

Alcohol drinking frequency, per week 0.686

Nondrinkers 501 41 1 1 1

1 day 1,624 63 0.52 (0.28,0.96) 0.82 (0.41,1.65) 0.88 (0.43,1.80)

2 days 668 20 0.66 (0.31,1.37) 1.13 (0.49,2.62) 1.23 (0.52,2.93)

>2 days 1,208 69 0.83 (0.43,1.59) 0.94 (0.47,1.91) 1.01 (0.50,2.04)

No. of binge drinking 

days, per month 4,032 188 0.99 (0.96,1.03) 1.01 (0.98,1.04) 1.01 (0.98,1.03)

Binge drinking frequency, per month 0.664

Nondrinkers 501 41 1 1 1

≤ 1 day 2,189 111 0.69 (0.39,1.21) 0.83 (0.44,1.57) 0.90 (0.46,1.73)

> 1 day 1,342 36 0.52 (0.27,1.00) 1.09 (0.52,2.31) 1.10 (0.52,2.34)

*Weighted logistic regression adjusted for age, ethnicity, education level, and marital status, with these variables determined by the directed acyclic graphs (DAGs). OR, odds ratio; CI, 
Confidence Interval.
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consumption in elderly women (64). Chronic inflammation is one 
of the core mechanisms underlying the development of sarcopenia. 
An animal study showed that chronic-binge alcohol feeding 
resulted in higher circulating endotoxin levels in female mice 
compared to male mice (65). This may be another reason for the 
gender differences in the association between alcohol intake 
and sarcopenia.

The strength of this study lies in its large and diverse sample from 
Western population, encompassing individuals of various ages and 
ethnicities, as well as its multifaceted approach to defining alcohol 
exposure. This study has several limitations. First, the cross-sectional 
nature of the study prevented us from establishing a definitive causal 
relationship between alcohol and sarcopenia. Nonetheless, the 
probability of increased alcohol consumption due to sarcopenia is 
relatively low, which may mitigate the risk of reverse causation. Second, 
although the use of the DAG approach can assist in selecting rational 
covariates to minimize the magnitude of bias in the estimate, some 
potential factors (such as creatine and omega-3 fatty acids intake) could 
not be analyzed due to the unavailability of data, which may lead to the 
presence of potential residual confounding. Third, alcohol consumption 
was assessed using a questionnaire at a single point in time, which 
could introduce potential recall bias. However, we observed consistent 
results across multiple definitions of alcohol exposure, which may 
mitigate this bias. Fourth, due to the simultaneous stratification of 
participants by sex and drinking habits, the power may have been 
insufficient to accurately estimate the risk of drinking. Fifth, sarcopenia 
was defined using BIA-estimated SMM. Several guidelines have 
proposed defining sarcopenia as the presence of both low muscle mass 
and low muscle function. Our sensitivity analysis using this definition 
yielded consistent results with the main analysis. However, SMM 
measurement based on computed tomography/magnetic resonance 
imaging is more objective and accurate, and our results need to 
be further validated by future studies. Finally, our study utilized the 
NHANES III data, and the characteristics of the past population may 
differ from those of the current population, which could limit the 
generalizability of our findings, highlighting the necessity of validating 
our results in new populations.

In conclusion, this large study of US adults showed that alcohol 
consumption was associated with an increased risk of sarcopenia 
across all individuals. Notably, this association revealed a significant 
sex-specific difference, with a significant risk increase observed in 
females but not in males. From a sarcopenia prevention perspective, 
these findings support the notion that alcohol abstinence may 
promote muscle health, particularly in females. Large-scale cohort 
studies with long-term follow-up are needed to corroborate 
our findings.

Data availability statement

Publicly available datasets were analyzed in this study. This data 
can be found here: https://www.cdc.gov/nchs/nhanes/index.htm.

Ethics statement

The studies involving humans were approved by National Center 
for Health Statistics Ethics Review Board. The studies were conducted 

in accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

LY: Data curation, Formal analysis, Writing – original draft. QR: 
Data curation, Formal analysis, Writing  – original draft. YY: 
Methodology, Writing  – review & editing. ZW: Formal analysis, 
Writing – original draft. ST: Formal analysis, Writing – original draft. 
YL: Data curation, Writing  – original draft. JY: Data curation, 
Writing – original draft. SD: Writing – review & editing. JW: Project 
administration, Supervision, Writing  – review & editing. FJ: 
Methodology, Supervision, Writing  – review & editing. XT: 
Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Methodology, Project administration, Writing  – 
original draft.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This study was 
supported by grants from Xi’an Science and Technology Plan Project 
(22YXYJ0122); IIT Clinical Research Fund of The Second Affiliated 
Hospital of Xi’an Jiaotong University (M074).

Conflict of interest

FJ was a speaker of Gilead Sciences, MSD, and Ascletis. He was 
also a consulting or advisory board in Gilead Sciences and MSD.

The remaining authors declare that the research was conducted in 
the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1536488/
full#supplementary-material

https://doi.org/10.3389/fnut.2025.1536488
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.frontiersin.org/articles/10.3389/fnut.2025.1536488/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1536488/full#supplementary-material


Yang et al. 10.3389/fnut.2025.1536488

Frontiers in Nutrition 12 frontiersin.org

References
 1. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet. (2019) 393:2636–46. doi: 10.1016/

s0140-6736(19)31138-9

 2. Rosenberg IH. Sarcopenia: Origins and Clinical Relevance. J Nutr. (1997) 127:990s–
1s. doi: 10.1093/jn/127.5.990S

 3. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. 
Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing. (2019) 
48:601. doi: 10.1093/ageing/afz046

 4. Petermann-Rocha F, Balntzi V, Gray SR, Lara J, Ho FK, Pell JP, et al. Global 
prevalence of sarcopenia and severe sarcopenia: a systematic review and meta-analysis. 
J Cachexia Sarcopenia Muscle. (2022) 13:86–99. doi: 10.1002/jcsm.12783

 5. Sasaki KI, Kakuma T, Sasaki M, Ishizaki Y, Fukami A, Enomoto M, et al. The 
prevalence of sarcopenia and subtypes in cardiovascular diseases, and a new diagnostic 
approach. J Cardiol. (2020) 76:266–72. doi: 10.1016/j.jjcc.2020.03.004

 6. Hwang J, Park S. Gender-specific risk factors and prevalence for sarcopenia among 
community-dwelling young-old adults. Int J Environ Res Public Health. (2022) 19:7232. 
doi: 10.3390/ijerph19127232

 7. Xia MF, Chen LY, Wu L, Ma H, Li XM, Li Q, et al. Sarcopenia, Sarcopenic 
overweight/obesity and risk of cardiovascular disease and cardiac arrhythmia: a cross-
sectional study. Clin Nutr. (2021) 40:571–80. doi: 10.1016/j.clnu.2020.06.003

 8. Harring M, Golabi P, Paik JM, Shah D, Racila A, Cable R, et al. Sarcopenia among 
patients with nonalcoholic fatty liver disease (Nafld) is associated with advanced fibrosis. 
Clin Gastroenterol Hepatol. (2023) 21:2876–88.e5. doi: 10.1016/j.cgh.2023.02.013

 9. Sun MY, Chang CL, Lu CY, Wu SY, Zhang JQ. Sarcopenia as an independent risk 
factor for specific cancers: a propensity score-matched Asian population-based cohort 
study. Nutrients. (2022) 14:1910. doi: 10.3390/nu14091910

 10. Goates S, Du K, Arensberg MB, Gaillard T, Guralnik J, Pereira SL. Economic 
impact of hospitalizations in us adults with sarcopenia. J Frailty Aging. (2019) 8:93–9. 
doi: 10.14283/jfa.2019.10

 11. Shield K, Manthey J, Rylett M, Probst C, Wettlaufer A, Parry CDH, et al. National, 
regional, and global burdens of disease from 2000 to 2016 attributable to alcohol use: a 
comparative risk assessment study. Lancet Public Health. (2020) 5:e51–61. doi: 10.1016/
s2468-2667(19)30231-2

 12. GBD 2020 Alcohol Collaborators. Population-level risks of alcohol consumption 
by amount, geography, age, sex, and year: a systematic analysis for the global burden of 
disease study 2020. Lancet. (2022) 400:185–235. doi: 10.1016/s0140-6736(22)00847-9

 13. Manthey J, Shield KD, Rylett M, Hasan OSM, Probst C, Rehm J. Global alcohol 
exposure between 1990 and 2017 and forecasts until 2030: a modelling study. Lancet. 
(2019) 393:2493–502. doi: 10.1016/s0140-6736(18)32744-2

 14. GBD 2016 Alcohol Collaborators. Alcohol use and burden for 195 countries and 
territories, 1990-2016: a systematic analysis for the global burden of disease study 2016. 
Lancet. (2018) 392:1015–35. doi: 10.1016/s0140-6736(18)31310-2

 15. Barbería-Latasa M, Gea A, Martínez-González MA. Alcohol, drinking pattern, 
and chronic disease. Nutrients. (2022) 14:1954. doi: 10.3390/nu14091954

 16. Prokopidis K, Witard OC. Understanding the role of smoking and chronic excess 
alcohol consumption on reduced caloric intake and the development of sarcopenia. Nutr 
Res Rev. (2022) 35:197–206. doi: 10.1017/s0954422421000135

 17. Zhai J, Ma B, Qin J, Lyu Q, Khatun P, Liang R, et al. Alcohol consumption patterns 
and the risk of sarcopenia: a population-based cross-sectional study among Chinese 
women and men from Henan Province. BMC Public Health. (2022) 22:1894. doi: 
10.1186/s12889-022-14275-6

 18. Gabat JAL, Faltado AL Jr, Sedurante MB, Tee ML. Association of Obesity and 
Sarcopenia among adult Filipinos. Osteoporos Sarcopenia. (2018) 4:109–13. doi: 
10.1016/j.afos.2018.08.001

 19. Pang BWJ, Wee SL, Lau LK, Jabbar KA, Seah WT, Ng DHM, et al. Prevalence and 
associated factors of sarcopenia in Singaporean adults-the Yishun study. J Am Med Dir 
Assoc. (2021) 22:885.e1-.e10. doi: 10.1016/j.jamda.2020.05.029

 20. Daskalopoulou C, Wu YT, Pan W, Giné Vázquez I, Prince M, Prina M, et al. Factors 
related with sarcopenia and Sarcopenic obesity among low- and middle-income settings: 
the 10/66 DRG study. Sci Rep. (2020) 10:20453. doi: 10.1038/s41598-020-76575-4

 21. Petermann-Rocha F, Chen M, Gray SR, Ho FK, Pell JP, Celis-Morales C. Factors 
associated with sarcopenia: a cross-sectional analysis using UK biobank. Maturitas. 
(2020) 133:60–7. doi: 10.1016/j.maturitas.2020.01.004

 22. Ko YC, Chie WC, Wu TY, Ho CY, Yu WR. A cross-sectional study about the 
relationship between physical activity and sarcopenia in Taiwanese older adults. Sci Rep. 
(2021) 11:11488. doi: 10.1038/s41598-021-90869-1

 23. Confortin SC, Ono LM, Barbosa AR, d'Orsi E. Sarcopenia and its association with 
changes in socioeconomic, behavioral, and health factors: the Epifloripa elderly study. 
Cad Saude Publica. (2018) 34:e00164917. doi: 10.1590/0102-311x00164917

 24. Wu X, Li X, Xu M, Zhang Z, He L, Li Y. Sarcopenia prevalence and associated 
factors among older Chinese population: findings from the China Health and 
Retirement Longitudinal Study. PLoS One. (2021) 16:e0247617. doi: 10.1371/journal.
pone.0247617

 25. Steffl M, Bohannon RW, Petr M, Kohlikova E, Holmerova I. Alcohol consumption 
as a risk factor for sarcopenia  – a meta-analysis. BMC Geriatr. (2016) 16:99. doi: 
10.1186/s12877-016-0270-x

 26. Hong SH, Bae YJ. Association between alcohol consumption and the risk of 
sarcopenia: a systematic review and meta-analysis. Nutrients. (2022) 14:3266. doi: 
10.3390/nu14163266

 27. Bruyère O, Reginster JY, Beaudart C. Lifestyle approaches to prevent and retard 
sarcopenia: a narrative review. Maturitas. (2022) 161:44–8. doi: 10.1016/j.
maturitas.2022.02.004

 28. Baraona E, Abittan CS, Dohmen K, Moretti M, Pozzato G, Chayes ZW, et al. 
Gender differences in pharmacokinetics of alcohol. Alcohol Clin Exp Res. (2001) 
25:502–7. doi: 10.1111/j.1530-0277.2001.tb02242.x

 29. Kezer CA, Simonetto DA, Shah VH. Sex differences in alcohol consumption and 
alcohol-associated liver disease. Mayo Clin Proc. (2021) 96:1006–16. doi: 10.1016/j.
mayocp.2020.08.020

 30. Verplaetse TL, Peltier MR, Roberts W, Burke C, Moore KE, Pittman B, et al. Sex 
and alcohol use disorder predict the presence of Cancer, respiratory, and other medical 
conditions: findings from the National Epidemiologic Survey on alcohol and related 
conditions-III. Addict Behav. (2021) 123:107055. doi: 10.1016/j.addbeh.2021.107055

 31. White AM. Gender differences in the epidemiology of alcohol use and related 
harms in the United States. Alcohol Res. (2020) 40:01. doi: 10.35946/arcr.v40.2.01

 32. Plan and operation of the third National Health and Nutrition Examination 
Survey, 1988-94. Series 1: programs and collection procedures. Vital Health Stat 1. 
(1994) 1–407.

 33. Tian Y, Liu J, Zhao Y, Jiang N, Liu X, Zhao G, et al. Alcohol consumption and all-
cause and cause-specific mortality among us adults: prospective cohort study. BMC Med. 
(2023) 21:208. doi: 10.1186/s12916-023-02907-6

 34. Courtney JB, Russell MA, Conroy DE. Tobacco and Cannabis use as moderators 
of the association between physical activity and alcohol use across the adult lifespan in 
the United States: NHANES, 2005-2016. Prev Med. (2022) 155:106931. doi: 10.1016/j.
ypmed.2021.106931

 35. Fu Y, Chen X, Luo S, Jiang S, Mao Y, Xiao W. Serum 25-Hydroxyvitamin D is 
differentially associated with early and late age-related macular degeneration in the 
United States population. Nutrients. (2023) 15:1216. doi: 10.3390/nu15051216

 36. Yeo YH, Zhu Y, Arab JP, Ni W, Xu X, Shi J, et al. Alcohol intake thresholds among 
individuals with Steatotic liver disease. JAMA Netw Open. (2023) 6:e2347548. doi: 
10.1001/jamanetworkopen.2023.47548

 37. Smyth A, O'Donnell M, Rangarajan S, Hankey GJ, Oveisgharan S, Canavan M, 
et al. Alcohol intake as a risk factor for acute stroke: the Interstroke study. Neurology. 
(2023) 100:e142–53. doi: 10.1212/wnl.0000000000201388

 38. McEvoy LK, Bergstrom J, Tu X, Garduno AC, Cummins KM, Franz CE, et al. 
Moderate alcohol use is associated with reduced cardiovascular risk in middle-aged men 
independent of health, behavior, psychosocial, and earlier life factors. Nutrients. (2022) 
14:2183. doi: 10.3390/nu14112183

 39. Yan Z, Xu Y, Li K, Liu L. Heavy metal levels and flavonoid intakes are associated 
with chronic obstructive pulmonary disease: an NHANES analysis (2007-2010 to 
2017-2018). BMC Public Health. (2023) 23:2335. doi: 10.1186/s12889-023-17250-x

 40. Janssen I, Heymsfield SB, Baumgartner RN, Ross R. Estimation of skeletal muscle 
mass by bioelectrical impedance analysis. J Appl Physiol (1985). (2000) 89:465–71. doi: 
10.1152/jappl.2000.89.2.465

 41. Yi Y, Wang C, Ding Y, He J, Lv Y, Chang Y. Diet was less significant than physical 
activity in the prognosis of people with sarcopenia and metabolic dysfunction-
associated fatty liver diseases: analysis of the National Health and Nutrition 
Examination Survey III. Front Endocrinol (Lausanne). (2023) 14:1101892. doi: 
10.3389/fendo.2023.1101892

 42. Peng TC, Wu LW, Chen WL, Liaw FY, Chang YW, Kao TW. Nonalcoholic fatty 
liver disease and sarcopenia in a Western population (NHANES III): the importance of 
sarcopenia definition. Clin Nutr. (2019) 38:422–8. doi: 10.1016/j.clnu.2017.11.021

 43. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. 
Sarcopenia: European consensus on definition and diagnosis: report of the European 
working group on sarcopenia in older people. Age Ageing. (2010) 39:412–23. doi: 
10.1093/ageing/afq034

 44. Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB, et al. 
Sarcopenia: an undiagnosed condition in older adults. Current consensus definition: 
prevalence, etiology, and consequences. International working group on sarcopenia. J 
Am Med Dir Assoc. (2011) 12:249–56. doi: 10.1016/j.jamda.2011.01.003

 45. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, et al. Asian 
working Group for Sarcopenia: 2019 consensus update on sarcopenia diagnosis and 
treatment. J Am Med Dir Assoc. (2020) 21:300–7.e2. doi: 10.1016/j.jamda.2019.12.012

 46. Koemel NA, Senior AM, Celermajer DS, Grech A, Gill TP, Simpson SJ, et al. Multi-
nutrient analysis of dietary macronutrients with all-cause, cardiovascular, and cancer 
mortality: data from NHANES 1999-2014. Nutrients. (2023) 15:345. doi: 10.3390/
nu15020345

https://doi.org/10.3389/fnut.2025.1536488
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/s0140-6736(19)31138-9
https://doi.org/10.1016/s0140-6736(19)31138-9
https://doi.org/10.1093/jn/127.5.990S
https://doi.org/10.1093/ageing/afz046
https://doi.org/10.1002/jcsm.12783
https://doi.org/10.1016/j.jjcc.2020.03.004
https://doi.org/10.3390/ijerph19127232
https://doi.org/10.1016/j.clnu.2020.06.003
https://doi.org/10.1016/j.cgh.2023.02.013
https://doi.org/10.3390/nu14091910
https://doi.org/10.14283/jfa.2019.10
https://doi.org/10.1016/s2468-2667(19)30231-2
https://doi.org/10.1016/s2468-2667(19)30231-2
https://doi.org/10.1016/s0140-6736(22)00847-9
https://doi.org/10.1016/s0140-6736(18)32744-2
https://doi.org/10.1016/s0140-6736(18)31310-2
https://doi.org/10.3390/nu14091954
https://doi.org/10.1017/s0954422421000135
https://doi.org/10.1186/s12889-022-14275-6
https://doi.org/10.1016/j.afos.2018.08.001
https://doi.org/10.1016/j.jamda.2020.05.029
https://doi.org/10.1038/s41598-020-76575-4
https://doi.org/10.1016/j.maturitas.2020.01.004
https://doi.org/10.1038/s41598-021-90869-1
https://doi.org/10.1590/0102-311x00164917
https://doi.org/10.1371/journal.pone.0247617
https://doi.org/10.1371/journal.pone.0247617
https://doi.org/10.1186/s12877-016-0270-x
https://doi.org/10.3390/nu14163266
https://doi.org/10.1016/j.maturitas.2022.02.004
https://doi.org/10.1016/j.maturitas.2022.02.004
https://doi.org/10.1111/j.1530-0277.2001.tb02242.x
https://doi.org/10.1016/j.mayocp.2020.08.020
https://doi.org/10.1016/j.mayocp.2020.08.020
https://doi.org/10.1016/j.addbeh.2021.107055
https://doi.org/10.35946/arcr.v40.2.01
https://doi.org/10.1186/s12916-023-02907-6
https://doi.org/10.1016/j.ypmed.2021.106931
https://doi.org/10.1016/j.ypmed.2021.106931
https://doi.org/10.3390/nu15051216
https://doi.org/10.1001/jamanetworkopen.2023.47548
https://doi.org/10.1212/wnl.0000000000201388
https://doi.org/10.3390/nu14112183
https://doi.org/10.1186/s12889-023-17250-x
https://doi.org/10.1152/jappl.2000.89.2.465
https://doi.org/10.3389/fendo.2023.1101892
https://doi.org/10.1016/j.clnu.2017.11.021
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.3390/nu15020345
https://doi.org/10.3390/nu15020345


Yang et al. 10.3389/fnut.2025.1536488

Frontiers in Nutrition 13 frontiersin.org

 47. Calvani R, Picca A, Coelho-Júnior HJ, Tosato M, Marzetti E, Landi F. Diet for the 
prevention and management of sarcopenia. Metabolism. (2023) 146:155637. doi: 
10.1016/j.metabol.2023.155637

 48. Ainsworth BE, Haskell WL, Leon AS, Jacobs DR Jr, Montoye HJ, Sallis JF, et al. 
Compendium of physical activities: classification of energy costs of human physical 
activities. Med Sci Sports Exerc. (1993) 25:71–80. doi: 10.1249/00005768-199301000-00011

 49. Beddhu S, Baird BC, Zitterkoph J, Neilson J, Greene T. Physical activity and 
mortality in chronic kidney disease (NHANES III). Clin J Am Soc Nephrol. (2009) 
4:1901–6. doi: 10.2215/cjn.01970309

 50. Zhang C, Liu Y, Corner L, Gao Q, Kang YT, Shi H, et al. Interaction between 
handgrip strength and vitamin D deficiency on all-cause mortality in community-
dwelling older adults: a prospective cohort study. Public Health. (2024) 227:1–8. doi: 
10.1016/j.puhe.2023.11.022

 51. Santos HO, Limirio LS, Dos Reis AS, Nehme R, Floriano JP, Gomes GK, et al. 
Neutrophil-lymphocyte ratio and C-reactive protein levels are not associated with 
strength, muscle mass, and functional capacity in kidney transplant patients. 
Inflammation. (2022) 45:2465–76. doi: 10.1007/s10753-022-01705-1

 52. Han Y, Jiang X, Qin Y, Zhao Y, Zhang G, Liu C. A cross-sectional study exploring 
the relationship between the dietary inflammatory index and hyperlipidemia based on 
the National Health and Nutrition Examination Survey (2005-2018). Lipids Health Dis. 
(2023) 22:140. doi: 10.1186/s12944-023-01908-x

 53. Xu JP, Zeng RX, Zhang YZ, Lin SS, Tan JW, Zhu HY, et al. Systemic inflammation 
markers and the prevalence of hypertension: a NHANES cross-sectional study. 
Hypertens Res. (2023) 46:1009–19. doi: 10.1038/s41440-023-01195-0

 54. National Center for Health Statistics. NHANES III (1988-1994) – Survey methods 
and analytic guidelines. Available at: https://wwwn.cdc.gov/Nchs/Nhanes/Nhanes3/
SurveyMethods.aspx (accessed May 2, 2017)

 55. Ethgen O, Beaudart C, Buckinx F, Bruyère O, Reginster JY. The future prevalence 
of sarcopenia in Europe: a claim for public health action. Calcif Tissue Int. (2017) 
100:229–34. doi: 10.1007/s00223-016-0220-9

 56. Fanelli Kuczmarski M, Mason MA, Beydoun MA, Allegro D, Zonderman AB, 
Evans MK. Dietary patterns and sarcopenia in an urban African American and White 

population in the United  States. J Nutr Gerontol Geriatr. (2013) 32:291–316. doi: 
10.1080/21551197.2013.840255

 57. Donnadieu-Rigole H, Pansu N, Mura T, Pelletier S, Alarcon R, Gamon L, et al. 
Beneficial effect of alcohol withdrawal on gut permeability and microbial translocation 
in patients with alcohol use disorder. Alcohol Clin Exp Res. (2018) 42:32–40. doi: 
10.1111/acer.13527

 58. Leclercq S, Matamoros S, Cani PD, Neyrinck AM, Jamar F, Stärkel P, et al. 
Intestinal permeability, gut-bacterial dysbiosis, and behavioral markers of alcohol-
dependence severity. Proc Natl Acad Sci USA. (2014) 111:E4485–93. doi: 10.1073/
pnas.1415174111

 59. Han P, Kang L, Guo Q, Wang J, Zhang W, Shen S, et al. Prevalence and factors 
associated with sarcopenia in suburb-dwelling older Chinese using the Asian working 
group for sarcopenia definition. J Gerontol A Biol Sci Med Sci. (2016) 71:529–35. doi: 
10.1093/gerona/glv108

 60. Yoo JI, Ha YC, Lee YK, Hana C, Yoo MJ, Koo KH. High prevalence of sarcopenia 
among binge drinking elderly women: a nationwide population-based study. BMC 
Geriatr. (2017) 17:114. doi: 10.1186/s12877-017-0507-3

 61. Domiciano DS, Figueiredo CP, Lopes JB, Caparbo VF, Takayama L, Menezes PR, 
et al. Discriminating sarcopenia in community-dwelling older women with high 
frequency of overweight/obesity: the São Paulo Ageing & Health Study (SPAH). 
Osteoporos Int. (2013) 24:595–603. doi: 10.1007/s00198-012-2002-1

 62. Yoshida T, Delafontaine P. Mechanisms of Igf-1-mediated regulation of skeletal 
muscle hypertrophy and atrophy. Cells. (2020) 9:1970. doi: 10.3390/cells9091970

 63. Soszynski PA, Frohman LA. Inhibitory effects of ethanol on the growth hormone 
(Gh)-releasing hormone-Gh-insulin-like growth factor-I Axis in the rat. Endocrinology. 
(1992) 131:2603–8. doi: 10.1210/endo.131.6.1359962

 64. Vatsalya V, Issa JE, Hommer DW, Ramchandani VA. Pharmacodynamic effects of 
intravenous alcohol on hepatic and gonadal hormones: influence of age and sex. Alcohol 
Clin Exp Res. (2012) 36:207–13. doi: 10.1111/j.1530-0277.2011.01600.x

 65. Fulham MA, Mandrekar P. Sexual dimorphism in alcohol induced adipose 
inflammation relates to liver injury. PLoS One. (2016) 11:e0164225. doi: 10.1371/journal.
pone.0164225

https://doi.org/10.3389/fnut.2025.1536488
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.metabol.2023.155637
https://doi.org/10.1249/00005768-199301000-00011
https://doi.org/10.2215/cjn.01970309
https://doi.org/10.1016/j.puhe.2023.11.022
https://doi.org/10.1007/s10753-022-01705-1
https://doi.org/10.1186/s12944-023-01908-x
https://doi.org/10.1038/s41440-023-01195-0
https://wwwn.cdc.gov/Nchs/Nhanes/Nhanes3/SurveyMethods.aspx
https://wwwn.cdc.gov/Nchs/Nhanes/Nhanes3/SurveyMethods.aspx
https://doi.org/10.1007/s00223-016-0220-9
https://doi.org/10.1080/21551197.2013.840255
https://doi.org/10.1111/acer.13527
https://doi.org/10.1073/pnas.1415174111
https://doi.org/10.1073/pnas.1415174111
https://doi.org/10.1093/gerona/glv108
https://doi.org/10.1186/s12877-017-0507-3
https://doi.org/10.1007/s00198-012-2002-1
https://doi.org/10.3390/cells9091970
https://doi.org/10.1210/endo.131.6.1359962
https://doi.org/10.1111/j.1530-0277.2011.01600.x
https://doi.org/10.1371/journal.pone.0164225
https://doi.org/10.1371/journal.pone.0164225

	Sex disparity in the association between alcohol consumption and sarcopenia: a population-based study
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Assessment of alcohol drinking
	2.3 Assessment of sarcopenia
	2.4 Assessment of covariates
	2.5 Statistical analyses

	3 Results
	3.1 Cohort 1: daily alcohol consumption and sarcopenia
	3.2 Cohort 2: drinking history and sarcopenia
	3.3 Cohort 3: drinking days per week and sarcopenia
	3.4 Cohort 4: binge drinking days per month and sarcopenia

	4 Discussion

	References

